Abstract -An on-farm pharmaco-epidemiological survey of 246 turkey broiler flocks from 131 farms was carried out to assess the homogeneity of antimicrobial use between flocks on the same farm and to explore the possible relationships between farm and farmer characteristics and the level of antimicrobial use. The antimicrobial use in each flock was quantified by an invoice study, expressed as the number of national animal daily doses (ADD)/turkey broiler and characterised as "high", "medium" or "low" according to the tertiles of the resulting distribution. Antimicrobial use was then correlated with variables collected from the farmer by means of an alternating logistic regression method which calculates the pairwise odds ratio (PWOR) for within-farm clustering. Two independent models were fitted: (1) "low" versus "medium" + "high" antimicrobial consumption and (2) "high" versus "medium" + "low" antimicrobial consumption. PWOR from the null models were significant (P < 0.005), but only remained significant in the first final model (P = 0.002). Four explanatory variables were retained for both models. Prophylactic antimicrobial administration and veterinarian antimicrobial prescription attaining the farm technical staff's expectation were associated with a higher antimicrobial consumption level. Administration of competitive exclusion flora and compliance with biosecurity rules of changing clothes and shoes before entering the facilities, were associated with a lower antimicrobial consumption level. In the first model, the number of full-time jobs devoted to the turkey production unit (1 versus more than 1) was also found to be associated with the antimicrobial consumption level. The study tends to confirm the feasibility of the adopted approach to quantify antimicrobial use and to determine the factors likely to influence antimicrobial consumption.
INTRODUCTION
Antimicrobial use in food-producing animals has become a major concern in veterinary public health, especially in relation to the risk of emergence and dissemination of resistant bacteria. The investigation and monitoring of antimicrobial use in animal husbandry, with the surveillance of the quantities administered together with the patterns of use, has therefore been widely recommended [22] . Improving our knowledge of these characteristics should be useful in designing, implementing and promoting judicious use of such compounds. Pharmacoepidemiological studies targeted to identify the factors influencing antimicrobial consumption will be of considerable value to the professionals. In the context of veterinary public health, the key points identified to be related to antimicrobial use could lead to modification of the exposure of animals to antimicrobials in order to reduce the risk of bacterial resistance. Farmers would be all the more involved and convinced of the value of decreasing antimicrobial exposure, since they are also concerned by the cost of antimicrobials. A reduction in antimicrobial expenditure, resulting from decreased use, would be of particular interest, due to the marked influence that antimicrobials have on total health maintenance expenditure, which, in France, represented the second variable production cost in turkey broiler production in 2001 [24] .
Moreover, considerable variability has been observed in these antimicrobial expenditures [24] . However few studies have been carried out on the relationships between farm and farmer characteristics and antimicrobial use. These have either focused on the use of particular antimicrobials [12] or were limited to a particular relationship hypothesis [17] and only a few have been based on the quantification of antimicrobial use mainly according to frequency of use [23, 32] . None of these studies concerned poultry production and the few relationships identified between antimicrobial consumption and various covariates cannot be extrapolated to turkey broiler production. The homogeneity of consumption between successive batches of animals on the same farm, which would suggest that certain farm or farmer characteristics influence antimicrobial consumption, has never been investigated.
Thus, the object of this study was to conduct an observational on-farm investigation in turkey broiler flocks, to assess the homogeneity of antimicrobial use between flocks on the same farm and to identify possible relationships between the level of antimicrobial use and farm, farmer and flock characteristics.
MATERIALS AND METHODS

Study sample
This study was conducted in eleven departments of the three predominant regions of French turkey production (Centre, Bretagne, Pays de la Loire), which represent 46.2%, 20.7% and 7.1% of the total turkey production, respectively [4] .
Farms were randomly selected, with a five percent sampling rate, from the departmental farming registers. The farms included in this study were specialised turkey farms with the exclusion of rare, more specialised productions, such as "light turkey" farms. Farmers were contacted by telephone to explain the objective of the survey and to obtain their agreement to participate. The farmers who declined to take part could not be characterised and thus compared with the farmers included in the study, so the final sample of flocks was compared retrospectively to a broad data base from the same geographical area [2] on the average age and weight at slaughter, density, average daily weight gain and mortality rate.
Data collection
An appointment was made at the first telephone call to perform data collection on the farm. The farmer was informed about Antimicrobial consumption analysis 201 the data collection procedure, based on a personal interview and an invoice study. For this purpose, he was asked to prepare all invoices related to the flocks reared during the last twelve months (between the 1st of April 2000 and the 30th of March 2001) and to make them available to the investigator on the day of the visit. The farms included in the study were visited between March and July 2001.
The interviews and invoice studies were carried out by ten experienced investigators who had received suitable training during a run-in period and were affiliated to professional agricultural bodies in the region. First, structured questionnaires (Tab. I) were put to the farmers to obtain information about farm characteristics, the farmer's attitudes and habits in relation to health management and the technical performance of the flocks. The questionnaire about farm characteristics had already been in routine use for several years. The questionnaire related to health management had been pilot-tested by interviewers from each professional agricultural body, on a separate random sample of five flocks. Only minor changes, based on these results and feedback, needed to be made to this questionnaire.
Secondly, antimicrobial use was investigated from a survey of medication purchases. All invoices were thoroughly analysed. When the purchase of a veterinary medicinal product containing an antimicrobial was indicated, the trade names, presentation characteristics (weight or volume, active compound concentration, etc.) and quantities (number of package units purchased) were recorded. Purchases were attributed to a flock according to the date of invoicing and the farmer's indications.
Outcome variable definition
For each commercial presentation of antimicrobial, the number of commercial units purchased was converted into the weight of the corresponding active substances, according to the nominal composition of the veterinary medicines purchased [3] . The quantities of active substances were all expressed in terms of the same standard chemical form according to the official chemical conversion coefficients. The number of animal daily doses (ADD) purchased was then calculated for each antimicrobial active substance. The ADD is a measurement unit of drug use developed as a counterpart to the defined daily dose (DDD) [16] but corresponding to national practices or recommendations. The DDD was defined in human medicine as the theoretical average maintenance dose per day for the drug used in its main indication in adults [20] . Similarly the DDD animal would be the assumed average dose per day for a drug used for its main indication in animals. The ADD were used in the present study since no DDD turkey has as yet been officially defined in turkey production and the use of the term DDD would be limited to daily doses corresponding to the international standards for drug use measurement. These corresponded to the recommended dosage approved in France for each antimicrobial [3] to treat during one day one turkey broiler weighing three kilograms. This weight was the average turkey broiler weight at treatment, based on a large number of treatments (N = 1 160) recorded by an antimicrobial use surveillance network [11] . One ADD, therefore, corresponded to approximately one treatment day during the average higher risk period for antimicrobial administration (corresponding to a three kilograms live weight). The weight of each antimicrobial purchased was divided by its corresponding daily dose (the corresponding ADD for each antimicrobial are available on request from the authors). Finally the total number of ADD purchased by the farmer was divided by the number of turkey broilers reared in the corresponding flock.
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antimicrobial consumption distribution (in ADD/turkey broiler), estimated from the whole sample of flocks. The flock antimicrobial consumption was thus classified as "low", "medium" or "high".
Statistical analysis
Two binary outcomes were defined, corresponding to two different cumulative models: (1) "low" antimicrobial consumption a These elements were also collected or confirmed from on-farm records, slaughterhouse and production organisation documents, feedstuff delivery orders. b The farmers' answers were confirmed or completed by the invoice study.
versus "medium" + "high", and (2) "high" antimicrobial consumption versus "medium" + "low". They were subjected to two independent logistic regression models designed to identify those characteristics of the farm, farmer and flock which were associated with "low" or "high" antimicrobial consumption levels, respectively.
The farm cluster was taken into account by subjecting the data to an alternating logistic regression (ALR) in order to estimate the pairwise odds ratios (PWOR) for the within farm association, while simultaneously regressing the binary outcome on covariates [8] . The PWOR reflects how strongly a given event (e.g. "high" level antimicrobial consumption) occurs in clusters (i.e. within farms ). It reflects the odds of the event for an individual in a particular cluster given that another individual from that same cluster experienced the event, relative to the odds if that individual did not experience the event. For the binary variable Y ij denoting the antimicrobial consumption level for the jth flock in the ith farm, the log PWOR model is written as the following equation: Log(PWOR(Y ij , Y ij' )) = α.Z ijj' , where α represents a q×1 vector of regression parameters and Z ijj' represents a fixed specified vector of coefficients. At the same time, logistic regression was used to control covariates, according to the following standard formula: Logit (P(Y ij = 1)) = β 0 + β 1 X 1ij + … + β n X nij , where Y ij is the outcome for the jth flock in the ith farm and the X ij are the covariates associated with that outcome. α and β were estimated by iterative recalculation of the PWOR and logistic regression on the covariates [8, 18] .
Firstly, the associations between antimicrobial consumption and the variables collected in the questionnaire were checked in a univariable step. Explanatory variables were categorically coded, with more than 10% of the sample size in each class made. Variables associated with P < 0.25 were retained. Any strong colinearity (P < 0.05) between explanatory variables was checked and the variable most strongly associated with the outcome variable was retained. The retained variables were then introduced into a multivariable logistic model fitted with a backward selection procedure. All variables with P < 0.05 were kept in the final two models. Null models without any explanatory variable were also fitted to estimate the initial PWOR. ALR was applied using the GENMOD procedure of the SAS software (SAS Institute, Inc.).
RESULTS
Flock sample
Antimicrobial consumption was investigated in 246 flocks from 131 visited farms. Fewer than 10% of the contacted farmers refused a visit, mainly due to lack of time. The flock sample profile was similar to that of the reference database. The flocks studied were stocked in the facilities between the 3rd of February 2000 and the 1st of February 2001. Each flock contained 10 737 turkey broilers on average (standard deviation = 4 817) housed in facilities of 1 364 m 2 on average (standard deviation = 630). During the twelve-month test period, two flocks of turkey broilers had been reared in 83% of the farms visited (109/131), three flocks were studied on three farms and a single flock on the remaining 19 farms. These latter farms did not contribute directly to the PWOR because they could not be paired with another flock on the same farm.
Each tertile of the antimicrobial consumption distribution comprised eighty-two flocks. The first class corresponded to "low" antimicrobial use i.e. from 0 to less than 5 ADD/turkey broiler, and the second and third classes corresponded respectively to "medium" use i.e. from 5 to 15 ADD/turkey broiler and "high" antimicrobial consumption, corresponding to more than 15 ADD/ turkey broiler.
When two successive flocks on the same farm were examined (Tab. II), they were situated in the same category in 53% of the 
Antimicrobial consumption analysis
The initial PWOR was 11.4 (P < 0.0001; CI 95% = 4.5, 28.8) in the first null model ("low" versus "medium" + "high" antimicrobial consumption) and 3.6 (P = 0.002; CI 95% = 1.6, 8.0) in the second null model ("high" versus "low" + "medium" antimicrobial consumption).
The variables retained after the univariable step are presented in Table III . No relationship was found between the technical and economic performances of the flocks and the level of antimicrobial consumption.
The final models obtained (P < 0.05) are presented in Table IV . Four variables were common to both models: prophylactic antimicrobial administration, veterinarian antimicrobial prescription attaining the farm technical staff's expectation, administration of competitive exclusion flora and compliance with the biosecurity rules of changing clothes and shoes before entering the facilities. In the first model, the PWOR and a fifth variable i.e. the number of full-time jobs devoted to the turkey production unit (1 versus more than 1), were significant.
DISCUSSION
The antimicrobial consumption of turkey broiler flocks was studied in a large number of farms which had been randomly selected from departmental databases. Very few farmer refusals were recorded. This could be attributed to the five months inclusion period which offered sufficient opportunities for fixing appointments. However it was more likely due to the interest of both farmers and professionals in a study that dealt with animal health and antimicrobial consumption, a particularly important topic in 2001 following the ban of antimicrobial growth promoters. The technical characteristics of the flocks included in this study were similar to the mean values calculated on a larger sample at a regional level. It is therefore reasonable to assume that data quality was not affected by selection bias. In addition the questionnaire had been pilot tested and the investigators were experienced and suitably trained which would minimise investigator bias.
The antimicrobial consumption of each flock was determined from the farmer's invoice records. Due to packaging constraints, the quantities purchased could be greater than those actually required to treat the animals so this method can be considered to overestimate antimicrobial consumption. We nevertheless considered that invoice records were the best way to collect this information. All farmers keep all their invoices for accounting purposes. An alternative method, based on on-farm records, could have been marred by partial and/or imprecise recording of treatments. Data collection from veterinarians (antimicrobials in France have to Antimicrobial consumption analysis 207 be prescribed by a veterinarian) would have come up against the fact that more than one veterinarian may prescribe antimicrobials to the same farm. Invoices also provided valuable and detailed information about the names of the commercial products, the presentations and the quantities acquired. Moreover, the quantities of active compounds purchased could be precisely calculated from the product composition data [3] , and the invoices.
An ADD measurement unit was used to express and quantify the total purchases of antimicrobials. This is a national unit, but similar to the international DDD, and allows standardisation of medication consumption [9] , in this case antimicrobials, by correcting for differences in dosages. Its application has therefore been recommended in studies of antimicrobial use [22] . The ADD measurement unit -often called DDD -has occasionally been used to quantify national antimicrobial consumption in poultry [5, 14] and other species [5, 13] , but has only been used in pigs to measure antimicrobial consumption on farms [19] . The ADD defined for the purposes of this study were based on French criteria and may differ from other national ADD or international DDD. Their definition was based on a reference weight which would not reflect any heterogeneity in animal weight at the time of treatment. The under-or over-estimation of antimicrobial consumption considered as a "number of days of treatment received" was limited by taking the average weight at treatment in French turkey broiler production as the reference weight. This weight may be different in other countries or periods.
The number of ADD/animal was considered as a measure of a potential selected pressure imposed on flock bacterial flora, as evoked by Jensen et al. [16] and not as a measure of treatments. A treatment administered in the earliest stages of the rearing period would contribute less to the total consumption than a treatment administered at later stages. This has already been pointed out in estimations of the use of antibiotics in human medicine in both children and adults [9] . Similarly, the contribution of a treatment to the total consumption will depend on whether the administered dosage is greater or smaller than the recommended dosage used to define the ADD, and on the treatment length. However the administered dosages, treatment length and age at treatment seem to be less variable in poultry production [11] than in pig production [10] .
In the present study, the total antimicrobial consumption per turkey broiler (measured in number of ADD/turkey broiler) was not analysed as a continuous variable. It was subsequently dichotomised in order to determine the characteristics of the extreme tertiles -"high" or "low" level of antimicrobial consumption -for more detailed analysis of distinct antimicrobial consumption profiles. Categorisation of the number of ADD/turkey broiler was based on the tertiles of the distribution since no natural or official cut-off value could be determined from the distribution or from the literature.
The statistical method used in the analysis was also original. The recently introduced ALR method [8] allows the assessment of the similarity between flocks on the same farm and estimation of the effects of covariates on the flock's antimicrobial consumption. ALR are increasingly used in social epidemiology to determine a contextual influence [27] [28] [29] , and the resulting PWOR can readily be interpreted to quantify the magnitude of within-cluster association. Flocks reared on the same farm cannot be considered to be independent, since they are reared in the same environment (facilities, geographic location, etc.) by the same farm personnel. An analysis of the homogeneity of antimicrobial consumption between flocks, under such conditions, was therefore important. The PWOR in the null models were highly significant, demonstrating a high similarity in antimicrobial consumption between flocks on the same farm. These PWOR decreased markedly when adjustments were made for farm and farmer 208 C. Chauvin et al.
characteristics (most of which were collected at the farm level). The within-farm PWOR remained significant in the first model, suggesting that clustering of "low" antimicrobial consumption among flocks in a farm was not entirely explained by the retained covariates. In contrast, the withinfarm PWOR became non-significant in the second model, suggesting that the clustering of "high" antimicrobial consumption was largely due to the covariates. These results also suggest that a "high" level of antimicrobial consumption is probably due to other parameters independent of the farm and the farmer. However, the same explanatory variables were retained in both models. An additional fifth variable was only retained in the first model. Moreover, the four combined variables presented relatively constant coefficients according to the dichotomisation (i.e. the estimated β and CI 95% were similar for the "low" versus "medium" + "high" and "low" + "medium" versus "high" comparisons). This suggests that the observed effect of the variables is the same regardless of the cut-off value considered [1] .
The observed protective effect of administration of competitive exclusion flora to the turkeys can be related to the reported effect of competitive exclusion flora on the equilibrium and regulation of the digestive tract flora and their consequent role and use in the prevention of digestive tract disorders [25] . When the data was collected in 2001, there had been major modifications in poultry feedstuffs, due to the ban of growth promoters and meat and bone meals in 1999 and 2000, respectively. This situation may have led to an increase of digestive tract disorders [14, 26, 33] . In this particular context, competitive exclusion flora would often have been used and would have been all the more efficient in the present study.
Another health management practice was included in the models with an adjustment made for the prophylactic use of antimicrobials. The administration of a prophylactic antimicrobial treatment was significantly associated with a higher level of antimicrobial consumption. These prophylactic treatments were administered during "high-risk" periods when the flock was known to be more susceptible to infectious diseases (based on previous experience or observed infections in an adjacent facility, for example). Their use was especially frequent in 2001 when the survey was performed, due to the appearance and fear of necrotic enteritis following the ban on growth-promoting antimicrobials [14, 33] .
Antimicrobial consumption was likely to be higher when veterinarian antimicrobial prescriptions were more likely to meet the farm technical staff expectations, than when antimicrobial prescriptions were not particularly expected. Several hypotheses can be put forward to explain this observation. Some farmers may be used to encountering infectious diseases and being able to anticipate and recognise the therapeutic needs of their animals. The use of antimicrobials might therefore be considered as a marker of a particularly affected sanitary situation. It might also reflect the farmer's knowledge of his practitioner's habits. By comparison with observations previously made in human medicine concerning the prescription of antimicrobials by paediatricians [21] and general practitioners [7] , it might also reflect a possible influence of the farmers expectations on veterinarian prescriptions. An interaction between the farmer and veterinarian has already been reported to influence the pattern of antimicrobial use on Michigan dairy farms [17] while in Denmark the farmer was suspected to directly influence antimicrobial use in pig production [6] . In human medicine, practitioners have been found to be more likely to prescribe an antimicrobial when parents or patient are expecting one [7, 21] . Like such parents, expectation on the part of the farmers may convey the attention they pay to their animals and their hopes for their recovery. However a distinction must be made between these two situations: antimicrobials are often reimbursed in human medicine but represent a considerable expense in turkey broiler production [24] , which may limit any overuse of an antimicrobial due to the farmers expectations (the appropriateness of the prescription (possible cases of over-use/misuse) was not assessed in the present study). Further studies are required to explore the potential influence of farmer expectation on antimicrobial prescription and consumption.
The application of good rearing practices and basic rules of biosecurity, i.e. changing clothes and shoes before entering a facility, was found to be associated with lower antimicrobial consumption. These variables might be a reflection of the application of good farming practices and biosecurity rules by the farmer. Biosecurity measures may contribute to a lower use of antimicrobials by their protective effect against the introduction and spread of infectious agents [31] .
The only factor specific to the first model and associated with the lowest level of antimicrobial consumption was the number of full-time jobs devoted to turkey broiler production. This could be related to the size of the turkey broiler production unit and these two variables were correlated in the present study (data not shown). A large herd size has already proved to be a risk factor for mortality and infectious diseases in many species, including poultry [15, 30] .
The relationships assessed in the present study between the level of antimicrobial consumption and farm, farmer and flock characteristics are fairly different from those reported in the limited number of published studies [23, 32] . These studies did not concern poultry production and their results were sometimes specific to a particular type of animal production, such as fish farming [32] , where a significant farm effect was observed. In the study of antimicrobial consumption in pigs, the factors identified were related to the specific pathogen free status of pig herds, room design and pig bodyweight [23] . The results obtained in the present study tend to confirm the feasibility of the approach adopted in a preliminary trial in determining those factors likely to influence antimicrobial consumption. Since 2001, some changes have occurred in turkey broiler production in France: the consequences of the foodstuff modification (suppression of growth promoters and meat and bone meals) are better controlled and considerable efforts have been put on a large information of farmers about good farming practices and on a systematic implementation of biosecurity rules. It would therefore be interesting to determine whether these changes have been associated with a corresponding reduction in antimicrobial use.
